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ABSTRACT

A boundary layer model based on the mixing length algorithm of McPhee [1994] is adapt-
ed to prediction of radionuclide concentrations for the relatively shallow environment of the con-
tinental shelf. Conservation equations for sediment species concentration and both sediment
bound and dissolved radionuclide concentration are combined with similar conservation equa-
tions for momentum, temperature (heat) and salinity. Three idealized storm situation for interme-
diate depth water are considered and analyzed. In the first two, initially “clean” water overlies
radioactive sediment which is stirred into the water column by bottom turbulent stress as the
storm develops. In the first, initial stratification is strong enough that a two-layer density structure
persists throughout the storm, confining the sediment and radionuclides mainly to the bottom lay-
er. In the second, the initial stratification is weak enough to allow complete mixing during the
storm, so that both dissolved and sediment bound radionuclides may interact with the surface, and
could, for example, be incorporated into sea ice. In the third scenario, radioactively contaminated
water interacts with initially “clean” sediment, which is stirred up during the storm and “scaveng-
es” dissolved radionuclides.
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1. Introduction

The purpose of this study is to demonstrate a model for turbulent transfer of suspended
sediment in a continental shelf environment at intermediate depths (~50 to 100 m), and to assess
the movement of radionuclides associated with sediment transport as part of a broader study of
the fate of radionuclides in the Arctic. The main thrust is to construct a framework for assessing
guantitatively conditions under which an appreciable off- ar along-shelf flux of radioactively con-
taminated material might occur. The model provides for migration of radionuclides between sedi-
ment bound and dissolved states, and illustrates how radioactive material might move from
sediment to initially uncontaminated water during sediment transport events, or conversely how
initially clean sediment can scavenge radionuclides from contaminated water. The simulations
presented here are highly idealized, intended to illustrate principles rather than reproduce ob-
served events. The purpose is to understand the physical underpinnings of transport of radioactive
material on the shelf, and to develop parameterizations of the process for use in more extensive
three-dimensional models.

The report is organized as follows. In Section 2, equations and boundary conditions for the
time-dependent, horizontally homogeneous model are developed, along with discussion of the rel-
evant forcing. The model uses turbulence closure based on a mixing length algorithm [McPhee,
1994] developed from extensive flux measurements in the boundary layer under drifting sea ice. It
realistically incorporates the effects of stabilizing or destabilizing due to freezing or melting at the
surface, and due to scouring of sediment at the seafloor. In addition, it accounts for the large in-
crease in mixing efficiency (eddy diffusivity) associated with intense boundary stress.

Smith and Hopkins [1972] discussed near bottom currents measured on the Washington
continental shelf and combined them with theoretical treatment to arrive at rough estimates of off-

shore sediment transport. They reported current velocities in excess of ®.6mtre Washing-

ton shelf, and stressed that nearly all of the sediment transport occurs during infrequent, severe
storms. Prompted by these observations, an idealized severe storm event is simulated under differ-
ing conditions of initial stratification and initial radionuclide distribution in Section 3. Three mod-
el scenarios are considered. In the first, an initial stratification is specified that is strong enough to
maintain a two-layer density structure throughout the storm, limiting most of the sediment and ra-
dionuclide concentrations to the lower layer. In the second study, upper layer salinity is increased
so that stratification breaks down midway through the storm, bringing much higher sediment con-
centrations into surface contact with the ice, with its potentially high mobility. In both cases, ra-
dioactivity is initially confined to the bottom sediment. A variation is provided by the third
simulation, where “clean” sediment is stirred into an initially radioactive water column, in order
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to assess scavenging as the radionuclides bind to the suspended sediment and settle to the bottom.
Results are discussed and summarized in Section 4.

2. The Model
2.1 Equations

The model comprises numerical solution of the following set of coupled, partial differen-
tial equations:

0, +if0 = (K@),
S = (-0KS),
Ty = (-0KT)),
CL-N —wC{-" = (—aKC{-M),

Ntb(l...m)_v—ng)(l...m) = (—C(KN?(l“'m))Z+ Qb(l..m)

(1)

N%N(l...m) — (_GKN\ZN(l...m))Z+ Qw(l..m)

where subscripts denote partial differentiation, is complex horizontal velbcity, is the Coriolis

parameterK is eddy viscositySis salinity,a is the ratio of scalar eddy diffusivity to eddy vis-

cosity, T is temperatureC is sediment volume concentration and the series (1...n) represents dif-
ferent sediment species (only one species is consideredwere), is sediment settling velocity
(positive downward)NP is sediment-bound radionuclide concentration, with units‘Edidnra-
dioisotope species 1 through andN"W is dissolved sediment concentration (also with units Bq

m‘3). QP andQY are source terms (i.e., within the water column) for bound and dissolved sedi-
ments, respectively, encompassing both mobility and radioactive decay. Eddy viscosity is given

by K = u.A whereu. isthe square root of the local Reynolds stress magnitude and  is the mix-

ing length, computed for top and bottom mixed layers according to the algorithm presented in Fig.
15 of McPhee [1994], and in the stratified pycnocline using similarity concepts described by
McPhee [1981; 1994]. When the boundary layer is statically unstable, in rare situations where the

convective turbulent scaling velocity. = (ADW'b'})Y3 [@'b'f, is buoyancy flux at the
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boundary) is greater than , it replaces friction velocity in the eddy viscosity determination
[McPhee, 1996].

The equations are solved implicitly on a vertical grid with 100 levels, using a leap-frog
method in time.

2.2 The concentration flux boundary condition

By analogy with the formulation of boundary conditions at the ice-ocean interface [e.g.,
McPhee, 1990], consider a finite control volume following the bottom surface which moves with

an erosion ratej , chosen to be positive downward. Assuming no mass storage in the control vol-
ume we have:

pWVWSCbot pwyd Cbot PwY W C’ %ot

I S

L d

? pd = p,,Coyd

Figure 1. Schematic of the boundary condition for a particular sediment species,pyhere
is water densityw, is the sediment “settling” velocity (positive downwayd), is the specific
gravity of solids comprising the sedime@,,;,  is the concentration at the lower boundary

of the model (upper boundary of the control volume), &hd  is the volume concentration of
the sediment entering the control volume from below.

An equation forlw' C'[}, ,; , the turbulent concentration flux at the lower boundary of the model, is

provided by the mass balance:
W C'oy = (Cs_ Cbot)d + WChyoy (2)

Cypot Is obtained from the logarithm( profile near the bottom boundary. For convenience we

will identify the lower boundary of the sediment transport model with that of the turbulence mod-
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el, namelyz,, .

A rigorous treatment requires separate flux boundary condition equations for each sedi-
ment classification. Lacking detailed knowledge of the bottom characteristics, however, we as-
sume that the suspended sediment load can be characterized by single valyeg for w, , and

Unfortunately, there are few data on which to base estimates of the rate of erosion on the conti-
nental shelf for storm conditions. There is justification from laboratory studies [Mehta, 1988] for
assuming that erosion rate is proportional to the difference between the bottom stress and a
threshold stress below which little erosion occurs:

a4 Bt 3)

dM Tc

wheret,, is the bottom stresg, s the threshold stresglgnd is a proportionality constant. Me-

hta [1988, Table 4] lists several estimates of erosion rate constants and shear strength; the most

appropriate for this study appears to be estuarial mud, for which =0.2 Pa and
dy = 1x10°m st

The impact of sediment loads, carrying a buoyancy anomaly, on turbulent structure of the
boundary layer has been discussed by, among others Smith [1977] and Trowbridge and Kineke
[1994]. Combining (3) with a bed stress based on maximum currents provides an order-of-magni-
tude estimate of the impact of the concentration flux on the stability of the bottom boundary layer.

Bottom stress, = u.,0s, , is obtained from a Rossby similarity formula [McPhee, 1979;

1990].
O, -
—d =T = 1(|ogRq ~1.91-2.13) (4)
Uy K
where overhats indicate vector (complex) quantitiesRod = u.,/ (fzy,) is the bottom fric-

tion Rossby number. Usirgy, = 0.01 m for bottom roughness, (3) yiglds 0.032 Ltors

Uy=0.7m sL. For the erosion parameters associated with estuarial mud, (2) provides an erosion

rate 0f4.3x10° m &L, If the bottom concentration flux is approximately equivalent to the erosion

rate (i.e.,Cp, «C,= 1 ), we havéW'b'[ = g(y —1)d = 0.5x10° &3 For the ocean thisis a
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large number, corresponding, for example, to the stabilizing surface buoyancy flux associated

with an ice melt rate of around 25 cmitdits effect on turbulence is ameliorated, however, by the
fact that the large buoyancy flux occurs only in combination with large bottom stress. The associ-
ated Obukhov length (when turbulence scales are smaller than the Obukhov length, buoyancy is
important in the turbulent kinetic energy equation) is:

u3

*b

= —2 __~160m (5)
K

which is larger than the total depth over the continental shelf. By contrast, if ice were melting at

25 cm d* with a typical ice-ocean stress of 0.1 Pa, the corresponding Obukhov length would be
around 5 m and the boundary layer turbulence would be significantly altered by buoyancy. Thus,
it appears that buoyancy flux associated with sediment scouring will seldom have overriding im-
pact on turbulence near the seafloor during storms. Nevertheless, it may indeed affect vertical
mixing higher in the water column, and the model is designed to include buoyancy effects associ-

ated with the sediment concentration gradient.

2.3 Radionuclide Concentration Equations

A sediment transport model is sufficient to determine offshore transport and near surface
concentrations of radioactive materials only if radionuclides are tightly bound to sediments. In
practice the mobility of a radionuclide between sediment-bound and dissolved-in-sea-water states
is relatively large, and is important in two scenarios. First, if nonradioactive seawater exists over a
previously deposited bed of radioactive sediment, it seems physically plausible that transfer of ra-
dionuclides will occur mainly in major sediment transport events. Once the radionuclides are
freed from the sediments, they are much more mobile. Second, if radioactive seawater interacts
with relatively “clean” suspended sediment, for many radionuclides the sediment will be an effi-
cient scavenger and major sediment events will decrease radioactivity in the water column.

Our approach is to simplify as much as possible the modeled exchange of radionuclides
between the suspended sediment and water. We carry scalar equations for concentrations of both

sediment bound radionuclidgs? |, and dissolved radionucliiés, , with units‘elidr curie =

3.7x10% Bq or disintegrations per second). In the absence of vertical fluxes, the radionuclide
concentration equations in (1) reduce to:
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th = Qb
NWt = QW

(6)

Here we assume that the radionuclide half-life is long enough to neglect radioactive decay, in
which caseQP = —-QW .

For water in contact with radioactive sediment, the faétgr ~ expresses the equilibrium ra-
tio of concentrations of bound radionuclides to those in solutionRPERY — K for long
times, whereky has units mﬁ(equal to | kgl). Let RP equal the concentration of bound radio-

nuclides, expressed as BqkgndRY equal the concentration of dissolved radionuclides as

Bq I'L. The total radionuclide concentration expressed as Bism

N©t = NW+Nb = 103 xR, + p,,yCR, 7)

sinceNW = R, x (103liter/m3) .Ky varies strongly with water salinity and radioisotope. During

a sediment suspension event, it is unlikely that the bound and dissolved radionuclides will be in

equilibrium throughout the water column, thus the coupled source terms in (6) must account for

the tendency to adjust the concentrations toward the equilibrium K§io, . We assume that to first

order, the process involved varies directly with the departure from equilibrium, and inversely with

a time constant, possibly dependent on the particular radionuclide:

w = AN
Qv =28 ®)

wherel] is the time constant (“e-folding time”) and

tot
W N

ANW = NW_NW, = NW— _
1+ (p,,yC/ 103)K

(9)

A rough estimate of the time constaht may be made from the adsorption time sérié&gor

from Fig. 3 of Oughton et al. [1995]. The homogeneous conservation equations (6) reduce to sim-
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Figure 2. Hypothetical stirred radioisotope adsorption experiment assuming a rate equa-
tion given by (10), with a time constant of 5 h.

ple first-order ditferential equations, e.g.,
NW, = — (10)

Oughton et al. [1995] found that with undisturbed samples of the #3fes, the raticRb/ RV

reached halK, (equilibrium value) after about 100 h, but that gentle shaking decreased this time

by a factor of ten. Here we assume the ratio reache&palf  after about 10 hrs. The tests were

done with 10 g (dry weight sediment) 2 | of water, to which we assign an initial total dissolved
radioactive concentration 810" Bq¥r(i.e., 30 Bq per liter). For a continuously stirred mix-

ture, the volume sediment concentratiolCis= 2.5x10°° , assuping 2 . The added sediment

is assumed to be nonradioactive. The solution of (10) for these conditions is graphed in Fig. 2, for

0 = 5 h. The isotope concentration ratio reaches half its equilibrium vdlue= (1000 Dmlg
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after about 10 h. This crude approximation illustrates that adsorption and mobilization probably
occur fairly rapidly.

2.4 Radionuclide Flux Boundary Condition

The flux of radionuclide concentration entering or leaving the ocean model is assumed to
be entirely bound to the sediment. No provision is made for diffusion of dissolved concentration

WsN bbOt d N bet W'N br Q)Ot

S
!

pRPd = p,, CyRPd

L d

Figure 3. Boundary condition schematic for a sediment-bound radionuclide spe-
cies with radioac:tivit)Rb (Bg kg‘l) attached to sediment with solid volume con-
centrationCq.

across the interfaces, nor for radioactive decay, although the latter is easily incorporated into the
source terms. In the long run, the ocean model should incorporate a frazil ice model at the surface
which would provide the means for uptake into the ice cover. A similar approach to that used for
the concentration equation is used (Fig. 2) so that the boundary condition for bound radionuclides
corresponding to (2) is

W N Thot = (pyyC,RPY — NPyo)d + WNP, (11)
whereRP is expressed in consistent units (BitkgotBq gb), andNP,, is the bound concentra-

tion at the top of the sediment control volume (i, above the bottom), obtained from the near

bottom grid point via the law of the wall. At the upper boundary, we assume that the sediment ra-
dionuclide concentration flux is zero

3. Model Simulations

3.1 Stratified Storm Surge Scenario
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Since previous studies [e.g., Smith and Hopkins, 1972] have shown that the most signifi-
cant sediment transport on continental shelves occurs mainly during severe storms, the emphasis
here is on extreme events. To adapt a one-dimensional model forced by wind stress at the surface
to the problem of bottom sediments in a (possibly stratified) shelf environment, we consider the
approach developed by Ekman in his classic paper [1905]. He introduced the concppef a
current systermwhich can be applied directly to the problem at hand. Along a continental shelf
that is relatively uniform in the alongshore direction, storm-driven onshore (or offshore) Ekman
mass transport in the surface boundary layer will be balanced eventually by offshore (or onshore)
mass transport in the bottom boundary layer. For a steady system, the stress at the bottom must be
large enough to produce the required offshore transport. The system reaches this state by raising
or lowering sea level at the coast, tilting the sea surface across the shelf enough to create a geo-
strophic current in the fluid interior just sufficient to produce the required bottom stress. In an
amazing intuitional leap, Ekman used alongshore current measurements and setup of sea level on
the Norwegian coast during storms to make the first credible estimates of eddy viscosity in the
ocean.

For a particular location on the continental shelf, the most severe offshore sediment trans-
port will occur when the wind is directed alongshore with the cnastsoleand sea surface tilt
is fully developed to produce balanced mass transports in the upper and lower boundary layers.
Examples below will illustrate scenarios approximating this situation, which are amenable to one-
dimensional modeling.

Here we examine a plausible case for extensive sediment transport in the bottom boundary
layer by simulating a powerful storm of 5 days duration, which after a short lag time sets up an
onshore pressure gradient resulting in a strong alongshore geostrophic current.

Geostrophic velocity iﬁlg = —-igln/ f , whemgis the acceleration of gravity aridn  is
the horizontal sea surface gradient. It is estimated from the storm surge as follows. The system
will tend toward a steady state with offshore transport in the bottom boundary layer balancing on-
shore transport in the surface boundary layer. Relative to the geostrophic flow in the interior, the
surface transport is

0
Mg = | (0-Ugdz = —i G/ f (12)
_hsl

wherey is the stress at the surface fgd  is the depth of the upper boundary layer. Choosing the
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Figure 4. Schematic of the slope current system for an ice covered coastal ocean in the north-
ern hemisphere, illustrating how wind forcing induces large currents through the entire water
column, even if the ocean is stratified.

real and imaginary axes to lie alongshore and offshore respectively, the maximum onshore trans-

port occurs when the stress is real and posifiyes T, . With no alongshore pressure gradient,

U, is constrained to the real axis. Transport in the bottom boundary layer, relative to geostrophic

flow, is

My = it/ f = —L=e (13)

where we have used the Rossby similarity law, (3), Bnd is the bottom boundary layer turning an-

gle, B = tar(Im(")/Regl)) . From balancing transports along the imaginary (offshore) axis,

geostrophic flow tends toward the limit
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U (14)

~ T
gmax = |r| COZB

Ekman [1905] also investigated the time required for sea surface slope to develop in re-
sponse to wind. By simple mass conservation arguments, he formulated and solved a partial dif-
ferential equation analogous to the heat conduction equation, showing that for reasonable values

of eddy viscosity (he used 0.0425'11) it took about 8 hrs for the sea surface slope to reach 70% of
the steady-state value required for balanced transport, at a distance 100 km from shore.

Given this background, the strategy here is to force the one-dimensional model with an

idealized, cosine-bell storm with peak winds of 25hasd a geostrophic velocity (sea-surface

tilt) forcing with the same shape in time, except lagged by half a day. Its maximum value equals
80% of the fully developed balance given by (14). The water column is 70 m deep, with upper and
lower mixed layers initially of equal extent, separated by a narrow pycnocline. Although the mod-
el considers the heat and mass balance at the ice/ocean interface, including buoyancy effects on
turbulence, here we assume that the water column is at freezing and that freezing or melting of the

ice is negligible. One bottom sediment species is consid€gd {) withy = 1.8,dy = 1x10°®

m s}, andt, =0.2 Pa[Mehta, 1988]. A settling velocityhf16><10_4 m €L0 meters per day)
is specified.

We simulate concentrations of two radionuclide tracer species for which estimiigs of
have been made by Oughton et al. [1995fCs (K 4= 1000 ml g%) and®Sr ( Ky=11 ml g?).

In the first model run, the salinity difference between the upper and lower layers is 2 on
the practical salinity scale (2 psu). Initially the water column is uncontamihitéd? = 0

with radionuclide concentratiorRP(1. 2 = 20  Bq kgThe storm starts from quiescent condi-
tions att = 0 days, with the wind rising to 25 m'satt = 2.5 days and falling back to zerotat 5

days. The geostrophic current lags by 0.5 days, and peaks at 0%5g.$ summarizes the
computed boundary forcing for Run 1. Surface stress follows the wind stress closely, and bottom
stress follows the lagged geostrophic current. The maximum sediment flux corresponds to an ero-
sion rate of around 1 cm per day. Note that at a level 5 m above the seaflloor, the flux Richardson
number Ri; is the ratio of buoyancy to shear production of turbulent kinetic energy) is always

less than about 0.02, implying that the impact of sediment buoyancy flux on turbulence near the
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Figure 5. Run 1 with stratification maintained through the simulated storm. A. Boundary
shear stresses. B. Seafloor sediment mass flux. C. Buoyancy flux and flux Richardson
number (ratio of shear production to buoyancy production) 5 m above the seafloor in the
bottom boundary layer.

bottom is small.

Evolution of the salinity (density) structure during the storm is shown by perspective view
in Fig. 6A,. which is shaded by friction velocity to indicate the intensity of turbulent stress. At the

McPhee Sediment/Radionuclide Transport Model 13



peak of the storm, he system remains stratified with vigorously turbulent upper and lower bound-
ary layers separated by a narrow pycnocline in which is substantially reduced, as indicated by

redder colors. Note, however, that each boundary layer erodes the pycnocline, so that the density
contrast between the layers is much less by the end of the storm. The sediment concentration field
is shown in perspective view in Fig. 6, where the shading in this case represents the offshore ve-
locity component. Offshore transport is largest where the concentration is high, colored blue. Red
colors in the upper layer indicate the large onshore mass flux component required by the Ekman
slope current system. The sediment is mostly confined to the bottom layer, but some “leaks”
through by mixing in the pycnocline, and in fact there is limited shoreward transport in the upper
boundary layer After the storm abates, the sediment begins settling back out

3.2 Thoroughly Mixed Storm Surge Scenario

A second run, identical to the first except that the initial change in salinity across the pyc-
nocline is 1 psu, illustrates what happens when the overall stratification is too weak to withstand
the storm’s intense mixing. Here the water column mixes completely about midway through the
storm. Bottom stress is enhanced when turbulence transmits the wind stress through the entire col-
umn (Fig. 7A). Under the increased stress the erosion rate also increases (Fig 7B), and again the
flux Richardson number remains relatively small near the bottom, despite maximum stabilizing

buoyancy flux approachinqulo_6 Wth The salinity perspective (Fig. 8A) shows the collapse

of the two-layer system, and also reveals that the stress becomes more or less uniform through the
water column after the stratification is eliminated. The sediment concentration also mixes thor-
oughly (Fig. 8B), and the offshore current structure becomes much more uniform after the salinity
stratification disappears.

One implication of the breakdown in stratification is that the local offshore sediment trans-
port changes dramatically. Since sediment is much more evenly distributed in the water column,
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Figure 6. Depth-time perspective view from Run 1 of: (A) friction velocity draped on salinity;

and (B) offshore velocity draped on volume sediment concentration.
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Figure 7. Run 2 with stratification breaking down midway through the storm. A. Bound-
ary shear stresses. B. Seafloor sediment mass flux. C. Buoyancy flux and flux Richardson
number (ratio of shear production to buoyancy production) 5 m above the seafloor in the
bottom boundary layer.
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wind driven onshore Ekman transport near the surface carries a large sediment load shoreward.
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Figure 9. Offshore (A) and alongshore (B) vertically integrated sediment transport for the se-
vere storm scenarios. Solid curve is for Run 1, with initial stratification sufficient to maintain
two layers through the storm, and dashed curve is for Run 2, where the initially weaker strati-
fication breaks down after about 3.25 days

The vertically integrated products of sediment concentrationwétidu velocity components

(offshore and alongshore in the wind direction, respectively) are shown in Fig. 9. The offshore
transport is much reduced in the well mixed case, while alongshore transport is somewhat en-
hanced. Proper assessment of the actual transport on a specific continental shelf would require a
much more sophisticated model, but qualitatively, the present results show that movement of sed-
iments seaward is probably much more efficient when the water column remains stratified. On the
other hand, the fully mixed case brings radioactive material into direct contact and possible uptake
in the ice cover.

3.3 Radionuclide Concentrations

The radionuclide concentration in the water column depends on both the amount and dis-
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tribution of sediment during and after the storm event, and on the mobility of the radioactive ma-
terial between water and sediment, i.e., how strongly a radionuclide is bound to sediment. We
consider two tracer radionuclides that differ mainly in their affinity for binding to sediment parti-
cles.

Example 1 (Fig. 10) shows bound and dissolved radionuclide concentratidf&ier
with relatively strong sediment bindinigy = 1000 mg‘?‘nWere calculated for the strong initial

stratification case. As stress increases, sediment flux from the bottom begins mixing into the low-
er layer carrying radioactivity with it. Despite the relatively strong binding, dissolved concentra-
tion nevertheless dominates the total radionuclide concentration in the aftermath of the storm, so
that as the sediment concentration decreases due to settling (Fig. 6B) it leaves much of the radio-
active nuclide in the water column. Since turbulent diffusion between the layers is limited by per-
sistent stratification (Fig. 6A), most of the contamination remains in the lower layer although a
small amount “leaks” through the pycnocline.

Example 2 (Fig. 11) is the same as Example 1, except that a more soluble tracer species:

855y, was considered. The concentration and duration of bound sediment radioactivity is smaller
so that by the end of the simulation, nearly all of the radioactivity in the water column is in a dis-
solved state.

Example 3 (Fig. 12): This case is like example 1, except that the initial stratification is
weaker and complete mixing of the water column occurs during the storm. The maximum concen-
tration in the upper layer is enhanced considerably for both bound and dissolved radionuclide
concentrations. Note that there is a time from about day 3 to day 4.5 of the simulation when bound

concentrations in the upper few meters approach 3-4'Eq:mazil ice crystals nucleating about
sediment particles at this time would constitute a relatively efficient uptake mechanism for incor-
porating radioactive material into the ice cover.

Example 4 (Fig. 13): This is like the previous example, except with a more soluble tracer
species. In this case the “window” for ice uptake is reduced because by the time sediment arrives
at the surface, less of its radioactivity remains in the bound state.

Example 5 (Fig. 14): This case represents a scenario in which initially contaminated water
carrying a radionuclide species in the dissolved state overlies an uncontaminated seafloor. A
storm imposed on initially weak stratification similar to examples 3 and 4 is simulated, except that
after the storm (day 5.5) weak surface and bottom stress are maintained. A radionuclide with rela-
tively strong sediment binding is specified. The “scavenging” capability is clear.
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Figure 10. Time - depth contours of bound and dissolved radionuclide concentrations for Run 1, for a radi
onuclide speciest“Cs) with relatively strong binding to sedimeri€{ = 1000 ml gin The water is ini-
tially uncontaminated, overlying sediment with radioactivity of 100 B4.kg
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Figure 11. Same as Fig. 10, except, for a radionuclide sp&e@e} yith relatively weak binding to sedi-
ment (Kq = 11 ml gnt).
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Figure 12. Time - depth contours of bound and dissolved radionuclide concentrations for Run 2, for a radi
onuclide speciest“Cs) with relatively strong binding to sedimeri€{ = 1000 ml gin The water is ini-
tially uncontaminated, overlying sediment with radioactivity of 100 B4.kg
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Figure 13. Same as Fig. 12, except, for a radionuclide sp&ese} yith relatively weak binding to sedi-
ment (Kq = 11 ml gnit).
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Figure 14. Ten-day simulation with same storm as before except with weak surface and bottom stress aft
the storm (day 5.5), and initially contaminated water overlying uncontaminated sediment. The radionuclide
tracer has relatively strong sediment binding.
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